We established histopathologic and neurophysiologic approaches to examine whether different designs of polycaprolactone-engineered nerve conduits (hollow vs. laminated) could promote nerve regeneration as autologous grafts after transection of sciatic nerves. The assessments included morphometric analysis at the level of sciatic nerve, neuromuscular junction (NMJ) and gastrocnemius muscle, and nerve conduction studies on sciatic nerves. Six months after nerve grafting, the nerve fiber density in the hollow-conduit group was similar to that in the autologous-graft group; the laminated-conduit group only achieved ;20% of these values. The consequences of these differences were reflected in nerve growth into muscular targets; this was demonstrated by combined cholinesterase histochemistry for NMJ and immunohistochemistry for nerve fibers innervating NMJ with an axonal marker, protein gene product 9.5. Hollow conduits had similar index of NMJ innervation as autologous grafts; the values were higher than those of laminated conduits. Among the 3 groups there were same patterns of differences in the cross-sectional area of muscle fibers and amplitudes of compound muscle action potential. These results indicate that hollow conduits were as efficient as autologous grafts to facilitate nerve regeneration, and provide a multidisciplinary approach to quantitatively evaluate muscular reinnervation after nerve injury.
INTRODUCTION
Peripheral nerves have inherent potential for regeneration because of the ideal microenvironment for axonal regeneration provided by the distal nerve stump after Wallerian degeneration (1) (2) (3) . Thus, the clinical use of autologous nerve grafts has become the gold standard for repairing nerve injuries (4) (5) (6) (7) (8) (9) . The technique for bridging the gap between proximal and distal stumps, however, is limited by several factors, including the availability of nerve grafts, the risk of secondary morbidity, and potential differences in nerve structure and size (10) . One possible alternative to autologous nerve grafts is to fabricate nerve conduits with similar efficacy.
In an attempt to bridge the gap between stumps with artificial nerve conduits, a variety of biocompatible materials have been employed, particularly polycaprolactone (PCL), a biodegradable polymer for nerve conduits approved by the U.S. Food and Drug Administration (11) . Several lines of evidence have indicated that it is a suitable substrate for cell adhesion and axonal regeneration (12) (13) (14) (15) . The permeability of PCL-containing nerve conduits may also facilitate functional nerve regeneration (16) . It is not clear, however, whether PCLbased porous nerve conduits can structurally and neurophysiologically facilitate nerve growth to their motor targets.
During Wallerian degeneration, Schwann cells divide and form bands of Büngner within the basal lamina (1) (2) (3) . This longitudinal scaffolding provides guidance cues to facilitate axonal extension. Based on this principle, nerve conduits with longitudinally oriented scaffolds have been designed. For example, longitudinally aligned collagen-and laminin-coated poly (L-lactide) filaments can induce neurite extension along these fibers both in vitro and in vivo (17) (18) (19) (20) . An important issue in nerve growth is the direction in which axons are growing. Aberrant growth of axons resulting in neuromas poses a difficulty in nerve regeneration. Some hollow conduits with modified longitudinal architecture can functionally facilitate directional nerve regeneration (11, 21) . Thus, multichannel nerve conduits may provide another mechanism for directional growth. The efficacy of such conduits, however, has not been structurally or neurophysiologically tested.
Traditionally, the efficiency of nerve conduits has been evaluated by morphometric analysis. Morphometric analysis of nerve fiber densities in the midportion of nerve conduits or in the nerve stump distal to the nerve conduit is the most frequently used measurement to assess the efficiency of nerve growth through nerve conduits (22) (23) (24) . However, there is no systematic comparison between morphometric data of regenerated axons and the degree of target reinnervation. Previously, walking track analysis with a sciatic function index was used to estimate the degree of functional recovery (5-7, 22, 23) . These measurements represent a combined outcome of motor and sensory recovery and could be confounded by other factors such as muscle atrophy after denervation. An additional issue is the evaluation of the growth of motor nerve terminals into their target muscles to re-establish structural connections after implantation. To address these issues, we examined nerve regeneration by histopathologic and neurophysiologic approaches after implantation of our newly designed PCL nerve conduits. These included morphometric analysis and nerve conduction studies.
In this report, we specifically asked whether PCL-based porous nerve conduits can serve as a scaffold for successful regeneration into muscular tissues, and whether laminated nerve conduits provide a better scaffold than hollow nerve conduits for nerve regeneration. Our study indicated that hollow PCL conduits facilitate nerve regeneration with a similar efficiency to that of autologous nerve grafts based on structural and neurophysiologic evaluations. Laminated nerve conduits, however, were not a suitable design for nerve regeneration.
MATERIALS AND METHODS

Preparation of the Nerve Conduit
Nerve conduits made of PCL were fabricated at the Industrial Technology Research Institute (Hsinchu, Taiwan). Briefly, 15 g of PCL (M.W. 80,000, Aldrich Chemical Company, Milwaukee, WI) and 15 g of polypropylene glycol (M.W. 300, SHOWA Chemical, Tokyo, Japan) were mixed in 70 g tetrahydrofuran (Tedia Company, Fairfield, OH) and then stirred thoroughly at room temperature. The solution was then coated onto the surface of a plate with an uneven surface to a thickness of 0.1 to 0.2 mm. The PCL-coated mold was placed in a coagulant (40% ethanol) at 25°C. The PCL solution formed porous microstructure materials in which there were interconnected pores. The diameter of each pore was about 50 mm. The porous PCL materials were immersed in 50% ethanol for 2 hours and then dried. The porous polymer film with an uneven surface was wound into a spiral shape and inserted into a porous, hollow, round tube to form a laminated conduit.
Structures of the Nerve Conduits
Two designs of nerve conduits were used as implants: hollow conduits (Fig. 1A ) and laminated conduits (Fig. 1B) . In laminated conduits, rolled concentric laminae were inserted into the conduit, separating the lumen into several longitudinal channels (Fig. 1B) . In both designs, the walls and the internal laminae of the conduits contained pores with a diameter of about 30 to 50 mm (Fig. 1A, inset ).
Animals and Surgical Procedures
Adult male Sprague-Dawley rats, weighing 200 to 250 g, were used in these experiments. Rats were anesthetized with an intraperitoneal injection of chloral hydrate (400 mg/kg, Sigma, St. Louis, MO). The sciatic nerve was exposed at the mid-thigh level after a dorsolateral skin incision and splitting of the fascia between the gluteus and biceps femoris muscle. An 8-mm nerve segment was transected, leaving a 10-mm nerve gap after retraction of both ends. A 10-mm nerve conduit was interposed between the nerve stumps and both the proximal and distal ends were inserted into the ends of the nerve conduit and fixed by three 9-0 epineurial sutures. In animals used for the autologous graft, a 10-mm nerve segment was resected and then reimplanted as a nerve graft between both ends of the sciatic nerve. In each animal, the operation was performed on one side, while the other side was sham-operated to serve as the control. After surgery, animals were housed in plastic cages whose floors were covered with sawdust to avoid mechanical damage and unnecessary stimulation to the hindlimbs. These animals were placed in a temperature-and humidity-controlled room with a 12-hour light/dark cycle. Sufficient food and water were provided. At postoperative month 3 (POM 3) and POM 6, the regenerating efficacy of various operations was evaluated by the methods described below. At the time of animal sacrifice, all conduits had remained intact without degradation (Fig. 1C) . The proximal and distal sciatic nerve stumps had maintained their adherence to both ends of the grafts. Neither inflammatory reactions nor neuroma formation were apparent. During the experimental periods no animals exhibited mutilation. All procedures followed the National Research Council's Guide for the care and use of laboratory animals (24) .
Semi-thin Sections of Nerve Conduits and Sciatic Nerves
Animals were perfused intracardially with 4% paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4). After perfusion, conduits and sciatic nerves, 2 mm distal to the nerve graft, were removed and kept in 5% glutaraldehyde/PB overnight (25) . On the next day, samples were washed with PB. Tissues were then fixed with 2% osmic acid for 2 hours at room temperature, dehydrated with a graded series of alcohol, and embedded in epon 812 resin (Polyscience, Philadelphia, PA). Cross-sections of 1 mm were cut on an ultramicrotome, dried on the slides using a hot plate, stained with toluidine blue, and observed under a light microscope.
Morphometric Analysis of Myelinated Axons
Morphometric analysis was performed on one-mm crosssections of the sciatic nerve, 2 mm distal to the distal end of the nerve graft. For each section, 5 to 10 fields were randomly selected and photographed at a magnification of 4003. Parameters measured using Image-Pro PLUS system (Media Cybernetics, Silver Spring, MD) included numbers of myelinated nerves, diameter of each myelinated nerve, and area of entire photograph. For each animal, the following morphometric parameters were used to assess the regeneration efficacy of nerve grafts: 1) nerve fiber density (numbers of myelinated nerve fibers per mm 2 ) derived from the numbers of myelinated nerves divided by the area of entire field; and 2) diameter of regenerated nerve fibers.
Combined Cholinesterase Histochemistry and Immunohistochemistry for Neuromuscular Junction
To examine the innervation of neuromuscular junctions (NMJs) morphologically, we performed cholinesterase histochemistry combined with immunohistochemistry on the gastrocnemius muscles according to published protocols (26) . After perfusion, gastrocnemius muscles were dissected and fixed in 4% paraformaldehyde overnight. Serial 30-mm cryostat sections were mounted on gelatin-coated slides. Every fifth section was stained with cholinesterase histochemistry and immunohistochemistry with protein gene product 9.5 (PGP 9.5, UltraClone, Isle of Wight, UK, 1:1000). PGP 9.5 is an ubiquitin carboxy hydroxylase and labels nerve terminals of all types, including motor, sensory, and autonomic nerves. This method simultaneously demonstrates the NMJs and motor axons innervating the NMJs. We have previously shown that axonal immunoreactivity of PGP 9.5 was abolished after nerve degeneration (25) . Specimens of positive and negative controls were added to ensure the quality of immunohistochemistry. Coded sections from the control side and the operated side were examined at a magnification of 4003 under an Olympus BX40 microscope (Olympus, Tokyo, Japan). The percentage of innervated NMJs to total NMJs on each section was calculated for analysis.
Morphometric Analysis of Muscle Fibers
Medial gastrocnemius muscles were embedded in paraffin. Cross-sections of 5 mm were stained with hematoxylin and eosin. Five fields for each muscle were randomly selected and photographed at a magnification of 2003. The cross-sectional area of each muscle fiber was measured with Image-Pro PLUS software (Media Cybernetics).
Electrophysiological Studies
Nerve conduction studies were assessed at POM 3 and POM 6 according to protocols described previously (26) . Rats were anesthetized before testing and compound muscle action potentials (CMAPs) were measured using a Neuropack II electromyographer (Nihon Kohden, Tokyo, Japan). The stimulating electrodes were inserted at the sciatic notch to stimulate the sciatic nerve, and the recording electrodes were placed on the plantar muscles. Amplitudes of the CMAPs on both sides were measured. The analysis of CMAP amplitudes was based on data of the entire experimental group.
Experimental Designs and Statistical Analysis
Animals were divided into 3 experimental groups according to the types of nerve grafts and killed at POM 3 and POM 6 (Table) . The codes of grouping information during all tests, including morphometric analysis, quantitation of innervated NMJs, nerve conduction studies, and records of walking patterns, were broken only after each analysis was completed. All data are expressed as the mean 6 standard error of the mean. Means among different groups were analyzed using one-way analysis of variance (ANOVA) with the post hoc test at each time point. Values of p , 0.05 were considered significant.
RESULTS
Nerve Growth within PCL Conduits
To understand the extent of nerve regeneration through hollow and laminated PCL conduits, we examined the crosssections of the middle portion of the conduits at POM 3 and POM 6. The patterns of nerve growth were different between hollow and laminated conduits (Fig. 2) . In the hollow-conduit (Hollow) group, regenerated nerves grew in the central portion of the conduit and were grouped into small bundles ( Fig. 2A,  A2 ). Fibrous tissues and vessels were noted within the conduit wall and in the area between the wall and the nerve bundles ( Fig. 2A and A1 ). At POM 6, the area occupied by regenerated nerves was similar to that at POM 3 (Fig. 2B, B2 ). In the laminated-conduit (Laminated) group, only restricted areas were available for nerves, vessels and fibrous tissues between laminae (Fig. 2C, D) . At POM 3, only few scattered axons were observed in the area between laminae (Fig. 2C, C2) , and the number of axons did not increase at POM 6 compared with that at POM 3 (Fig. 2D, D2 ). Fibrous tissues and vessels were also distributed in the laminated conduit, initially limited to the wall at POM 3 (Fig. 2C, C1) , and then extending through the entire conduit at POM 6 (Fig. 2D, D1) . The above findings indicated better nerve growth in the Hollow group than in the Laminated group. The influences of this difference on the distal sciatic nerve and neuromuscular innervation required quantitative comparison described in following sections.
Nerve Regeneration in the Distal Sciatic Nerve
To compare the regeneration efficacy of myelinated nerves after grafting with various conduits we examined semithin sections of the sciatic nerves 2 mm distal to the end of the grafts at POM 3 and POM 6. In the Hollow group, prominent growth of myelinated nerves were noted in the distal stump at POM 3 (Fig. 3A) , and POM 6 (Fig. 3B) . In contrast, there were only scattered myelinated nerves in the distal nerve stump in the Laminated group at POM 3 ( Fig. 3C ) and POM 6 ( Fig. 3D) . There was prominent growth of myelinated nerves into the sciatic nerve of the autologous-graft (Autologous) group at POM 3 and POM 6 (Fig. 3E, F) . Regenerated nerve fibers in each group had smaller calibers and thinner myelin sheaths compared with those in the control sciatic nerve (Fig. 3G, H) .
The above histopathologic observations were further validated by morphometric analysis, including nerve fiber density and nerve fiber diameter (Fig. 4) .
The nerve fiber densities on the control side were 9739 6 1111 fibers/mm 2 at POM 3 and 11333 6 467 fibers/mm 2 at POM 6, lower than those of the Hollow and Autologous groups.
The higher nerve fiber densities in the Hollow and Autologous groups than in the control sciatic nerve suggested the presence of small-caliber regenerating nerve fibers in these 2 experimental groups. This hypothesis was tested by comparing diameters of myelinated nerve fibers in each group. At POM 3, the diameters of myelinated nerves in all experimental groups were similar (Hollow: 4.27 6 0.46 mm, Laminated: 3.72 6 0.36 mm, Autologous: 4.64 6 0.18 mm, p . 0.05). At POM 6, the diameter of myelinated nerves in the Hollow group was 4.49 6 0.27 mm, similar to that in the autologous group (5.07 6 0.46 mm, p . 0.05) and statistically higher than that in the Laminated group (3.55 6 0.20 mm, p , 0.05). Nerve fiber diameters on the control side at POM 3 and POM 6 were 9.63 6 0.35 mm and 8.74 6 0.25 mm, respectively, higher than those of each experimental group (p , 0.001). These morphometric data indicated that the regeneration efficacy of hollow conduits was similar to that of autologous grafts, and much better than laminated conduits for axonal growth.
Reinnervation of NMJs in Gastrocnemius Muscles
The reinnervation of NMJs in the gastrocnemius muscle was evaluated with combined cholinesterase histochemistry for NMJs and immunohistochemistry of PGP 9.5 for motor axons. In animals of the Hollow group, most NMJs were innervated by PGP 9.5 (+) axons at POM 3 ( Fig. 5A ) and POM 6 (Fig. 5B) , with some NMJs remaining denervated. In the Laminated group, only scattered NMJs were innervated by PGP 9.5 (+) axons (Fig. 5C and D) , with most NMJs in denervated state at POM 3 ( Fig. 5C ) and POM 6 (Fig. 5D ). In the Autologous group, most NMJs were innervated by PGP 9.5 (+) nerves at POM 3 ( Fig. 5E ) and POM 6 (Fig. 5F ), similar to those in the Hollow group. Nearly all NMJs on the control side were innervated at POM 3 ( Fig. 5G ) and POM 6 (Fig. 5H) .
The above observations were confirmed by quantitative comparison (Fig. 6 ). The ratios of innervated NMJs to total NMJs in the Hollow group at POM 3 and POM 6 were 81.2% 6 3.9% and 87.1% 6 7.2%, respectively. These values were comparable to those in the autologous group at both POM 3 (85.5% 6 3.1%, p . 0.05) and POM 6 (89.4% 6 1.3%, p . 0.05). However, ratios of innervated NMJs in the Laminated group were much lower than those in the Hollow group at both time points (20.9% 6 4.0% at POM 3 and 36.6% 6 4.6% at POM 6, p , 0.001). In each group there was not significant change in the ratio of innervated NMJs between POM 3 and POM 6.
Changes in Gastrocnemius Muscles after Nerve Grafting
The effect of reinnervation on muscle tissues was evaluated by morphometric analysis of muscle fiber size on paraffinembedded sections of the gastrocnemius muscles at POM 3 and POM 6. At POM 3, the size of muscle fibers in the Hollow group was relatively small compared to that in the gastrocnemius muscle on the control side (Fig. 7A) ; the size of muscle fibers increased at POM 6 compared to that at POM 3 (Fig. 7B) . In the Laminated group, obvious muscle atrophy was noted at POM 3 ( Fig. 7C) and POM 6 (Fig. 7D) . In the Autologous group, muscle fibers at POM 3 had smaller cross-sectional area than control muscle fibers (Fig. 7E) ; at POM 6, there was significant increase in muscle fiber size compared to that at POM 3 (Fig. 7F) .
The change in muscle fiber size was analyzed by comparing the cross-sectional area of muscle fibers in each group (Fig. 8) . At POM 3, the cross-sectional area of muscle fibers in the Hollow group was 896.9 6 63.1 mm 2 , larger than that in the Laminated group (386. 4 
Evaluation of Motor Recovery by Nerve Conduction Studies
We assessed the neurophysiology of motor nerves by recording the CMAPs of plantar muscles on stimulating the sciatic nerve at POM 3 and POM 6 (Fig. 9 ). CMAPs were detectable in the Hollow group at POM 3 (Fig. 9A) . Amplitudes of CMAPs were larger at POM 6 compared to those at POM 3 (Fig. 9B) . No CMAPs could be recorded in the Laminated group at POM 3 and POM 6 ( Fig. 9C and D) . In the Autologous group, tracings of CMAPs with the similar amplitude in the Hollow group were observed at POM 3 ( Fig. 9E) , with increased amplitudes at POM 6 (Fig. 9F) .
The above observation was analyzed by statistical comparison of CMAP amplitudes (Fig. 9I) . At POM 3, the amplitude of CMAPs in the Hollow group was 0.79 6 0.25 mV, higher than that in the Laminated group (0 mV, p , 0.001), but similar to that in the Autologous group (1.00 6 0.19 mV, p . 0.05). At POM 6, there was significant increase in CMAP amplitudes compared with POM 3 in the Hollow and Autologous groups (p , 0.05). The amplitude of CMAPs in the Hollow group was 1.81 6 0.14 mV, higher than that in the Laminated group (0 mV, p , 0.001), and comparable to that in the Autologous group (1.60 6 0.10 mV, p . 0.05). Amplitudes of CMAPs on the control side were 2.70 6 0.06 mV and 2.77 6 0.11 mV at POM 3 and POM 6, respectively, higher than those in each experimental group at both time points (p , 0.001).
Changes in the Walking Pattern and Toe Extension after Nerve Grafting
Immediately after surgery, toes on the grafting side became flexed and there was marked plantar flexion of the ankle joint during walking. At POM 6 there was no noticeable difference in the walking pattern regarding the posture of ankle joint among the 3 groups. There were, however, some differences in the posture of toes on walking. We asked whether there was difference in reflex toe extension when animals were held upside down. Reflex toe extension was not observed in all animals of the Laminated group (0/7). Reflex toe extension was positive for all animals in the Hollow group (5/5) and Autologous group (5/5). These findings were confirmed by examining the records of walking patterns. Animals in the Laminated group usually flexed their toes on walking. Most animals in the Hollow and Autologous groups could extend their toes on walking.
DISCUSSION
The present report establishes a combination of histopathologic and neurophysiologic approaches to assess the muscular reinnervation by axonal growth through nerve conduits. Based on these approaches, we demonstrated the comparable efficacy of hollow conduits and autologous grafts in facilitating nerve regeneration.
PCL as a Suitable Nerve Conduit for Substitutes of Autologous Graft
The present study examined the efficacy of porous PCLbased nerve conduits in bridging a gap of 10 mm by assessing the morphometric parameters of sciatic nerves, the reinnervation of the muscles and the neurophysiologic recovery in the territory of the sciatic nerves. PCL has been used as a component of copolymers with lactide as nerve conduits; for example, a PCL/cultispher composite was recently applied for nerve guide fabrication in vitro (11, 15) . In the present study, PCL was used as the only component for nerve conduits for the first time. Six months after the operation, reinnervation of the muscular targets could be demonstrated morphologically and neurophysiologically in addition to axonal growth passing through the conduits to the distal stump of sciatic nerves. This newly designed conduit therefore provides a good scaffold to support axonal regeneration for a sufficient period, and the 50-mm-sized pores were sufficient for cellular infiltration despite the fact that some previous reports expected pore size smaller than 100 mm would reduce the efficacy of regeneration (27) . These results suggest that this artificial nerve guide is a suitable substitute for autologous grafts.
The Impeding Effect of the Laminated Design on Nerve Regeneration
Previous studies developed the internal architecture within nerve conduits (11, 28) . This design could potentially increase the surface area for cell attachment and provide guidance for directional axonal growth. In this study, concentric laminae were inserted into the nerve conduit, forming several longitudinal channels to direct regenerating axons; hollow conduits, however, had better regeneration efficiency than laminated conduits in promoting axonal regeneration. The morphologic data indicated that there was enough space for nerve regeneration within hollow conduits, whereas only limited areas were available for regenerated axons in laminated conduits. This restricted area not only confined the extension of growing nerves but also limited the migration of supporting tissues into the conduit. Only scattered regenerated axons distributed between laminae may partly result from the dispersed vascular channels and limited Schwann cell ingrowth within the conduit. Several lines of evidence demonstrated that invasion of Schwann cells and ingrowth of blood vessels are crucial factors for nerve regeneration into the cell-free nerve guides (29) (30) (31) . The present report indicates that axonal growth does not benefit from an internal architecture with concentric laminae. Further studies are necessary to test the hypothesis that a critical number of laminae will provide enough space for Schwann cell migration and blood vessel ingrowth and also enhance directional regeneration of axons.
Long-term Regeneration after Implantation of Nerve Grafts
Our data demonstrates that the regeneration efficacy was similar between the Hollow group and the Autologous group. However, the regeneration remained incomplete in both groups at POM6 as shown by smaller regenerated myelinated fibers and lower amplitudes of CMAPs in both groups compared to those of controls. The morphometric analysis indicates that there was no significant regeneration of myelinated axons in both groups after POM 3. Changes in the microenvironment after long-term denervation may underline the limited recovery. In contrast to the upregulation of neurotrophin receptors during acute denervation (32, 33) , the ability of Schwann cells to synthesize neurotrophin receptors and cell adhesion proteins decreases after long-term denervation (34) . Chronic denervation renders Schwann less responsive to ligands derived from axons and less supportive for nerve regeneration (35) . In addition, regenerated axons appear only in the central portion of hollow conduits; this raises the possibility that spatial limitation may hamper the complete recovery of regeneration. Certainly, further improvement in the microenvironment of the denervated distal stumps and modifications of conduit design are necessary to facilitate long-term nerve regeneration.
Demonstration of Reinnervation by Motor Nerve Terminals as a Component of Evaluation Systems
Functional recovery following peripheral nerve injury requires not only regeneration of axons across the gap but also FIGURE 8 . Morphometric analysis of cross-sectional area of muscle fibers after nerve grafting at postoperative month 3 (POM 3) and POM 6. The analysis was based on sections of gastrocnemius muscles as shown in Figure 7 . Hollow: hollowconduit; Laminated: laminated-conduit; Autologous: autologous-graft; Control: control sciatic nerve. The cross-sectional area of muscle fibers in the Hollow group is smaller than that in the Autologous group at POM 3; values become comparable between the 2 groups at POM 6. At both time points, the areas in the Hollow group are larger than those of the Laminated group. the extension of axons through distal nerve segments so that they can reach their correct terminal targets. Most studies have principally concentrated on morphometric analysis inside the nerve conduits to evaluate the regeneration efficacy (22, 23, 36, 37) . Only a limited number of studies have shown axonal regeneration in nerve branches near their target structures (38, 39) . In this study, we provide morphologic evidence of nerve regeneration through conduits, distal sciatic nerves, and most importantly, reinnervation of terminal organs, NMJs, and muscle fibers. Immunohistochemistry with PGP 9.5 is an ideal method to demonstrate motor nerve terminals in the muscles (26, 40, 41) . This report offers morphologic evidence of reinnervation of motor targets; regenerating motor axons could clearly be visualized by immunohistochemistry with anti-PGP 9.5 antiserum, and NMJs could also be demonstrated by cholinesterase histochemistry. Quantifying NMJ innervation after conduit implantation provides objective approaches to assess the degree of motor reinnervation; and measuring the sizes of muscle fibers further offers a complementary index of target reinnervation, for example, the partial reversal of muscle atrophy in the Hollow and Autologous groups at POM 6.
In conclusion, the present study indicates that the regeneration efficiency of hollow nerve conduits is comparable to that of autologous grafts, and PCL is potentially a promising substitute for autologous nerve implants, although further modifications are necessary. In addition, the current report establishes a multidisciplinary evaluation system to assess the regenerating efficacy of nerve guides structurally and neurophysiologically.
